Study objective-To study the clinical and cost outcomes of providing nutritional counselling to patients with one or more of the following conditions: overweight, hypertension and type 2 diabetes. Design-The study was designed as a random controlled trial. Consecutive patients were screened opportunistically for one or more of the above conditions and randomly allocated to one of two intervention groups (doctor/dietitian or dietitian) or a control group. Both intervention groups received six counselling sessions over 12 months from a dietitian. However, in the doctor/dietitian group it was the doctor and not the dietitian who invited the patient to join the study and the same doctor also reviewed progress at two of the six counselling sessions. Setting-The study was conducted in a university group general practice set in a lower socioeconomic outer suburb of Perth, Western Australia. Patients-Of the 273 patients randomly allocated to a study group, 198 were women. Age ranged from 25 to 65 years. Seventy eight per cent of patients resided in the lower two socioeconomic quartiles, 56 per cent described their occupation as home duties and 78 per cent were partnered. Results-Both intervention groups reduced weight and blood pressure compared with the control group. Patients in the doctor/dietitian group were more likely to complete the 12 month programme than those in the dietitian group. Patients in the doctor/dietitian group lost an average of 6.7 kg at a cost of $A9.76 per kilogram, while the dietitian group lost 5.6 kg at a cost of $A7.30 per kilogram. Conclusion-General practitioners, in conjunction with a dietitian, can produce significant weight and blood pressure improvement by health promotion methods. (J Epidemiol Community Health 1999;53:311-316) 
It has been stated often that general practitioners are well placed to promote the health of patients. 1 2 Surveys in general practice in England and Australia have suggested that only low levels of health promotion occur and that the expectations of patients for advice on lifestyle matters are not being met. [3] [4] [5] However, general practitioners can be eVective in health promotion and they have already been shown to be eVective counsellors in smoking and alcohol reduction. 1 2 Overweight and hypertension are two conditions encountered frequently in general practice. 6 7 Screening or counselling for hypertension was the most frequent risk reduction activity carried out in a recent survey of general practice in Australia. 6 Overweight, however, was considered much less frequently 6 despite being twice as prevalent in general practice 7 and having its own association with hypertension, type 2 diabetes, and coronary heart disease. 8 9 General practitioners feel they have little success in treating overweight. 10 Important structural, training and personal issues for the doctor remain as barriers to the weight management in general practice. 11 Lack of time and trained support staV have been particular problems. 12 General practice, however, can provide the setting for nutritional education to improve blood pressure and weight. Croft and colleagues were able to produce significant improvements in the weight and blood pressure of newly diagnosed overweight hypertensive patients attending an English urban group practice. 13 Over a period of 12 months, the patients were seen every eight weeks for blood pressure checks by the doctor and attended a clinic staVed by dietitians in the general practice. Forty five per cent dropped out. Patients who were overweight but not hypertensive also responded to the nutritional advice, but generally lost less weight than those with hypertension. However 73% dropped out. Neil and colleagues, in a more recent randomised trial in an English general practice, examined the eYcacy of nutritional advice given to patients with raised cholesterol by one of three interventions: counselling by a dietitian, counselling by a practice nurse and the provision of a diet leaflet. 14 The patients' general practitioners were not involved in the interventions. Although only 13% dropped out, the study failed to show a reduction in body mass index, or other outcome measures, in six months. The authors concluded that a more intense intervention was required than was normally available in general practice.
In a community health setting, however, Johnston and colleagues found no relation between intensity of health promotion and outcome. 15 Patients with raised cholesterol were recruited at community health screening clinics in Sydney. Three levels of intervention were tested: counselling by a dietitian on recruitment, counselling by a dietitian on three occasions in a group and individual counselling by a dietitian. No diVerence was found between the three levels, at the end of a six month study, with respect to weight loss or cholesterol levels, nor with respect to an average drop out rate of 27%.
While the Neil and the Croft studies both had the advantage of stable general practice lists, Croft used a more intense intervention and enlisted the patient's general practitioner in the health promotion exercise. These two factors probably contributed to the improved patient outcomes. The ability to attain such results in an Australian general practice, without a stable practice list, is uncertain.
This study examined the clinical and cost outcomes of nutritional counselling for patients diagnosed with one or more of the conditions: overweight, hypertension and type 2 diabetes. The study also examined whether the outcome and the drop out rate was improved if the general practitioner both invited the patient to participate in nutritional counselling and monitored the patient's progress.
Method
The study took place in a university general practice at Lockridge, near Perth, Western Australia between November 1992 and May 1994 and employed a dietitian. Consecutive patients aged between 25 and 65 years inclusive were screened opportunistically by the study dietitian as they attended the practice to see a general practitioner. Patients with a pre-existing diagnosis of overweight, hypertension or type 2 diabetes, determined from the patient notes, were invited to participate in screening. Patients without a pre-existing diagnosis recorded in the notes, but who appeared to be overweight on presentation at reception, were also invited to participate. Patients were excluded from the study if they were mentally ill, intellectually handicapped, terminally ill, acutely ill, pregnant or participating in other health education programmes.
Screening measurements were made as follows:
Body weight and height were measured with patients wearing only light indoor clothing. Body weight was measured on digital balance scales to the nearest 0.1 kg with the patient wearing no shoes. Height was measured to the nearest 1 cm, using a rigid tape measure fixed to a wall. Patients with a body mass index (BMI) of more than 25 were diagnosed as overweight.
Blood pressure was taken from the left arm in the sitting position using a mercury sphygmomanometer and appropriately sized cuV. As the cuV deflated the first occurrence of sound was taken as systolic and the disappearance of sound as diastolic pressure. If a patient was not taking anti-hypertension medication, a diagnosis of hypertension was made when the screened blood pressure was more than 140/90 mm Hg and a blood pressure reading of more than 140/90 had been recorded at least twice in the patient's notes.
For diabetic patients, an Ames pen was used to obtain a capillary sample that was read with an Ames-3 glucometer to obtain a random glucose level. Venous blood was also taken from diabetic patients for glycated haemoglobin at the beginning and the end of the study.
Marital status, occupation and a list of current medication were recorded.
SAMPLE SIZE
Based on an expected 5% weight reduction in the dietitian group and 10% in the doctor/ dietitian group, a minimum of 35 overweight patients per group was required to achieve a power of 0.9 that the null hypothesis would be rejected at the 0.5 level.
ALLOCATION TO GROUPS
Immediately after screening, the study dietitian used a table of random numbers to allocate each consecutive patient with a diagnosis of one or more of overweight, hypertension and type 2 diabetes to one of the following three groups. DIETITIAN 
GROUP
Patients allocated to the dietitian group were invited to join the study by the dietitian at the time of screening. The dietitian conducted six individual counselling sessions, spaced equally, with the last session 12 months after recruitment. The initial session occupied 45 minutes, with 15 minutes for later sessions. Measurements were repeated at all sessions under similar conditions.
Counselling focused on principles of good nutrition and exercise. The dietitian questioned life style and dietary patterns to identify problem areas. Counselling included advice on food shopping and cooking methods, food selection, meal planning, and exercise programmes. Patient kept food records and diet history were used in the counselling sessions to provide individual advice. Recommendations included restriction of total dietary energy, reduction of the fat component to no more than 30%, with carbohydrate contributing 50% or more and protein the balance. Smoking was discouraged. Alcohol consumption of no more than two standard drinks a day for women and four for men was recommended, with at least two alcohol free days a week.
DOCTOR/DIETITIAN GROUP
After screening, the dietitian flagged the patient record to request the general practitioner, with whom the patient had made an appointment, to invite the patient to join the study. Patients saw the same general practitioner on two other occasions during the 12 months to encourage the patient and monitor progress.
The dietitian coordinated the follow up appointments and flagged the patient record with progress measurements to enable the general practitioner to discuss progress with the patient. Five minutes of general practitioner time was allocated to these tasks. Otherwise, treatment was the same as for the dietitian group.
CONTROL GROUP
The control group received the results of the initial measurements and if they had queries were advised to discuss these with the doctor with whom they had made an appointment. No counselling was given by the dietitian. If patients asked the doctor about the measurements, they were treated as any other patient attending the practice. The fact that they were in the control group did not prevent the doctor from providing care usually provided for such conditions. This could include monitoring, advice and prescriptions, but not referral to the study's dietitian. After 12 months, they received one mailed invitation to attend for reassessment of the initial measurements.
In accordance with protocol, doctors were never informed about who was in the control and the dietitian groups. If a patient who was not in the doctor/dietitian asked about screening results, the doctor would not know to which group, if any, the patient belonged.
SOCIOECONOMIC STATUS
Patients were classified into one of four quartiles of socioeconomic status based on their home address using the socioeconomic status indices for small areas produced by the Australian Bureau of Statistics in 1991. 16 
OUTCOME AND STATISTICAL ANALYSIS
Data were recorded using Epi-info 17 and analysed using SAS. 18 A 2 test was used to compare the demographic composition of the study groups. Confidence intervals for diVerences in means were used to compare groups with respect to outcome measurements.
The main outcomes evaluated were changes in weight and mean blood pressure (diastolic pressure + (systolic−diastolic pressure)/3) for each of the three groups. These outcomes were subjected to analysis by intention to treat, which assumed that a patient's measurements remained unchanged after the patient dropped out of the study. 13 Thus a patient's last measurement was used to populate all subsequent missing data values.
COST EFFECTIVENESS ANALYSIS
The dietitian maintained a record of activities for two periods of two weeks during the study. All costing was estimated in 1993/94 values. Time spent on the study tasks of screening, arranging appointments, changing appointments, drawing patient files, data entry, and counselling was recorded. The time was costed at $20 per hour for the dietitian. Time spent by the patient with the doctor was costed at $82 per hour, which was the equivalent cost of bulk billing four standard consultations. Materials used by the dietitian, room rental and usual practice overheads were costed and distributed according to the number of counselling sessions taken up by patients in the three groups. The cost eVectiveness analysis was used to determine a cost for each intervention in terms of weight change over and above that of the screening group.
MEDICATION USE Cardiovascular medications used by each patient with hypertension were recorded at screening. Changes were noted at later sessions. To compare medication use by the three groups, the defined daily dose as described in the WHO system was calculated for each patient. [19] [20] [21] Defined daily dose is the assumed average dose per day for the drug used in its main indication in adults. Only medicines coded in the ATC grouping C: Cardiovascular system, were included in the study.
Results
Of 296 patients oVered screening, 23 refused screening and 21 declined to participate in the study after screening for reasons that included lack of time or interest, already waited too long to see a doctor, job loss and feeling depressed. There was no significant diVerence between patients who enrolled and those who declined, with respect to screened measurements.
COMPARISON OF STUDY GROUPS
Seventy five men and 198 women participated in the study, consistent with the practice's overall attendance pattern of 28% men to 72% women. There was no significant diVerence between intervention and control groups with respect to sex ( 2 =3.49, p=0.18, df=2) or age where 73 percent of patients were less than fifty years old ( 2 =9.44, p=0.31, df=8). There was no significant diVerence between the groups by socioeconomic status quartiles or occupation. The most disadvantaged quartile contained 58% of patients, 20% were more disadvantaged, 20% less disadvantaged and 2% were least disadvantaged. Occupation was recorded as home duties by 56% of patients (84% female), trade/driver/labourer by 20%, unemployed by 6%, clerical/sales by 14%, manager/professional 4%. Thirty eight per cent of patients worked away from home. While 22% were without partners, 78% were married or de facto.
No significant diVerences were found between the three groups in the frequency of diagnoses. Overweight alone accounted for 62% of patients. A further 31% of patients had overweight and hypertension, 2% were overweight and diabetic and 4% had all three conditions. The remaining 1% had either diabetes or hypertension. Table 1 compares the screening measurements of patients in the three groups after randomisation. Table 2 shows the number of patients who attended all sessions and the number with each condition who dropped out. Of the initial 273 patients recruited, 177 (65%) finished all sessions. The drop out rate of overweight In an intention to treat analysis, the doctor/ dietitian group lost 6.7 kg or 7.3% of screening weight compared with the control group (95% CI: 6.5%, 8.3%) while the dietitian group lost 5.6 kg or 6.6% (95% CI:5.8%, 7.6%). The doctor/dietitian group lost 1.1 kg or 0.7% more weight than the dietitian group but this was not statistically significant (95% CI:−0.42%, 1.82%). Table 2 shows that those who dropped out of the intervention groups had achieved similar outcomes at the last session they attended. Analysis only of patients who attended all sessions showed doctor/dietitian patients were 8.1 kg or 8.8% lighter than their screening weight (95% CI: 8.0%, 9.6%) and dietitian patients lost 7.7 kg or 9.1% (95% CI: 8.0%, 10.2%).
DROP OUT RATES

BLOOD PRESSURE OUTCOMES
By intention to treat analysis, the doctor/ dietitian and dietitian groups both had significant change in final mean blood pressure relative to the control group with falls of 12 mm Hg or 12% (95%CI: 9%, 15%), and 7 mm Hg or 7% (95%CI: 4%, 10%) respectively. The doctor/ dietitian group, however, lowered mean blood pressure by 5 mm Hg or 5% (95%CI: 2%, 8%) more than the dietitian group. Analysis only of patients who attended all sessions showed doctor/dietitian patients were 14 mm Hg or 12% less than their screening mean blood pressure (95%CI: 8%, 16%) and dietitian patients were 7 mm Hg or 7% lower (95% CI: 1, 13). Table 2 shows the final glycated haemoglobin measures for patients who attended all sessions compared with those who dropped out. No significant diVerence was found between control and intervention groups by an intention to treat analysis.
TYPE 2 DIABETES OUTCOMES
MEDICATION USE
No significant diVerence was found in the average defined daily dose of cardiovascular drug use by patients in the three groups on recruitment or at the final counselling session. Nineteen control patients were taking an average of 2.1 defined daily doses (95% CI: 1.4, 2.8), 21 doctor/dietitian patients were taking 3.2 (95% CI: 1.9, 4.5) and 16 dietitian patients were taking 1.8 (95% CI: 0.8, 2.8) at the end of the study.
COST EFFECTIVENESS ANALYSIS Table 3 shows the results of the cost eVectiveness analysis for weight loss. All patients who were both screened and allocated to a group were included in this analysis. Compared with the control group, the cost of an extra kilogram of weight loss for the doctor/dietitian group was $9.76 and for the dietitian group it was $7.30.
Discussion
This study has shown that an Australian general practice can employ a dietitian to produce significant weight reduction in overweight patients. Compared with commercial, balanced nutrition weight reduction programmes, costed * % change=(average final measure/average screening measure of all patients in group with the condition)×100. † As mean blood pressure=diastolic blood pressure+(systolic blood pressure−diastolic blood pressure)/3. ‡ % glycated haemoglobin. in Switzerland (Swiss francs 30.4 ($A31.02) per kilogram weight loss over 32 weeks) 22 and America (American dollars 13.5 ($A19.29) per kilogram over 12 weeks), 23 weight loss was achieved at considerably less cost in both of this study's intervention groups. The associated decreases in blood pressure were achieved at no further cost and without recourse to increased medication.
The doctor/dietitian intervention was designed to examine the importance of the patient's doctor as a motivator of the patient's response to nutritional counselling. Significantly more patients in this group attended all counselling sessions compared with the dietitian group. Although the cost of weight loss was greater than for the dietitian group, overweight patients in the doctor/dietitian group lost more weight and hypertensive patients achieved a greater decrease in blood pressure. The higher attendance by the doctor/dietitian group contributed to the increased cost, but the main cost diVerence between the two intervention groups was the 23% of cost attributable to the doctor's time.
Croft et al 13 suggested that electing to treat overweight can lead to a drop out of patients. As evidence they cited the 5% drop out rate in their control group where measurements were taken 12 months apart without any intervention, compared with a drop out of 73% of nonhypertensive dieters and 45% of hypertensive dieters. While the absence of a stable patient list probably contributed to the loss of 29% of our control patients, patient loss was no greater for the doctor dietitian group. In contrast, patient loss in the dietitian group was significantly higher.
Once having dropped out of the current study's doctor/dietitian group, however, patients could be disinclined to return to the inviting doctor because of feelings of failure. Loss of patients from care would be important for a general practitioner who considers such a nutritional intervention. Nevertheless the retention rate of patients in the doctor/dietitian group after 12 months compared favourably with the retention rates found by Croft et al 13 and Johnston et al. 15 This is encouraging for Australian general practice where the absence of formal practice lists is seen as a barrier to continuity of care and preventive care. 24 Further research is needed to determine if outcomes are sustained beyond the intervention period.
Most of the study's patients were from socioeconomically disadvantaged areas. Although research shows only small diVerences in nutrient intakes across socioeconomic groups 25 and that low income families are concerned about healthy nutrition, 26 the wider application of this study's findings remains to be investigated. In addition, most Australian general practitioners cannot aVord to employ a dietitian, and without subsidy, direct cost to the patient would restrict the use of these interventions to patients with suYcient means.
A further issue regarding the results is that consecutive patients were recruited by the dietitian in so far as the dietitian was present and able to oVer screening at the reception desk when a patient arrived. This had the potential to introduce bias if the dietitian was forced to choose between two or more patients arriving at the desk at the same time, because of insuYcient time to screen and randomise them all. In addition, a total of 25 unscreened patients were referred directly to the dietitian by a general practitioner. These patients were excluded from the study analysis because they were not randomly allocated.
This study indicates that general practice can provide health promotion to improve overweight and hypertension at a reasonable cost, over a 12 month period, with a combination of the skills of the dietitian and the patient's general practitioner. The general practitioner's contribution increases the cost of the health promotion, but leads to fewer drop outs from the programme and outcomes better than those achieved by the dietitian alone.
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x General practice can use in house dietitian services and improve health outcomes of overweight and hypertensive patients.. x A 12 month nutritional intervention improved weight and blood pressure cost eVectively, with no increase in medication use. x Drop out from treatment is reduced if the general practitioner invites a patient to undertake the nutritional intervention and reviews progress.
